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1 -: t r 'I i '1 
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n run t s[ I 1 i 
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Introduction 

r rt'gak ce 1 i ers to tt)e mductit 

of vf p i' I-k to setf and foreign amigens. A largt- 
bod) '( i i i 'm 

the ( ,r - < - i- i * i i >t tn 



Lvioiogica] features., mdufliag thcii 



differciiuatt its response 



to antigen-specific stimuli, and dependency on cytokines 
activity {-=, S). 

foterhukir:- 10 (ID- 10} was host discovered based on its 
ip*cit> i 'i touse. T iidpei | 

(T.hl)c ils (6, /). and this * s an s< * molecule in 
U n - HQ, 1 it" - t'» T «-"w 



t- 10 ha 



■inflames 
c cells, 



e hi cess 



OI! (ISO l . 

Ot k \l Hi ! J I i 1 e U C > pw ! 

CD4* T effector cells, by inhibiting the antigen -presenting 

I (H< ( t t ' it p sttt> 

cells tAi--< s) 1 1 ' 1 ■ it geh A ceil 

i snacropfsag » f i 

effector CDS'' T cells by enhancing their ■csyioto.s.ic capacity 
and prol.ife.rari - t ) a us r 

apoplotic effect on B cells, is involved in B-ceH ssotype switch- 
^ n a i i underlying 

B-ceii dysregtilatson such as syswsnie hpus erythematosa;;. 
(12. 13} rapt uoi sp need <. irbsets of GD4'" 

T ceils with regulatory functions. 

\l < n > t i < t ft 

clonal level was designated Txl celts (14). These cells are 



sed ; 



i po 



."hey ate defined by {heir capacity to produce high levels of 
1- 0 an- ! > n-d it s i t < fi ' ^ i>: " "t< ' ^ o 
(i j i <~i j n it 1 

i ' , t 1 \ - i • n i 1 

r i 1 j i a h>.v3\-> 
1 s s duce to , not - of I 2 ted » L-4. Ds lending < 



.setting c 1 allogeneic transplantation. Vsciet cless. the precise 
molecular mechanisms involved in the difkrenuation And 
motion of these <:t lust u review 

describes the <. n c t -.a.c * < f < ? d ^ the btoh 

I , , us i i 0 1 m r -n < t is if 

or in vivo. The biological relationship between Trl ace 
CD4*CD2S* Dregs and the role of these two CD4' ! Treg subsets 
in primary irnnnmodcnaencies. autoimmunity, infection: 
diseases, and cancer is reviewed, finally, the potential use >i 
'Iregs » ; itl- i m , j a i i ' 1 . ne 
t t < r ^„ , t t scribed 

Biological features of Trl cells 



IL-10-productag CD 4 Trl cells an: characterized by a unique 
pattens of cytokine production, which is C <tn< iron; thai >A 
classical Thl and Th2 cells (14). Upon T-cell receptor {ICR}- 
nemit i n'o-s . m, Ir < 11' v t «< 

T<jF"$ and .11.-5. low amounts of'IFN-v and 11-2, and no 11.-4. 
hsterhukm- 10 secreted by Trl ceils o detectable as soon as 
4 h after activation. Thtt-siaHer. she keels o; IMO increase 
rapidly and the highest concentration is reached 1 2-24 h Mm 
activation (26). Different populations of fl.- 10 -producing T 
cells vsnh , 

"fregs (16)3 seer-eting 1L--10 but not other cytokines can be 

i i i i (.it 1 id i jr 

tern, and peptide antigens US, 19, 21, 22. 28}. it has also 
been proposed that Trl ceils can he gem 



lower than Thl cells 

After the first report on tire characterization of 'IV 1 <:clls 

(14) 1 ' } I 1 S t< " f ^ f h 1 • 1 ^ I 1 

beet! generated using a variety of experiment;;! conditions 
i ;6--> [ j}- '1 e i always b ieb a TVi 

ceils, because th r cytokint >mr< em patten difiered 
i s hti in n tl i .i i< p >ti - \ = i D 

cells 1} 'il'il s'O * ft + T K " ils IS, M lit many 
instances, th-ast- deviations car: he expiamcd b;, tie different 
Trtgs We 

03 1 erns Trl cell old he is 

)i u 1 x i t 

induction of which is !!.- 10 dependent. 

in h< nasi „ r \ ■■ , ^ to hw e^ 

'iemtmsiiateh 1 diilerent T- cell-mediated • 



: it 



cells 



auto 



biho 



f;;r ihc ni-< u of Tr 1 cells, their cyioknse i> it cert n 
with regards to TG.F-p, II-N-y, anti/trr If- 5 jwoducfion, bat 
! net evel 

halh-rark of Trl cells, are invariably high. Interleukin-4 pro- 
duction is consistently undetectable. 

(IDS" Trl -hie ceils, winch produce IL 10. have also been 
described (30, 31). These ceils are anergic, suppress prohff 
e.rative responses via 11,-10, and can be generated in dtro by 
sfemlasion of naive CDS * T ceils with either activated plas- 
nsacytoid DCs (30) or 0 -modulated myeloid DCs (31). In 
these studies, induction of CDS"" Tri like cells svas shown to 

U,- It) dependent, v esndy de i n a ne< 

monoclonal antibodies, winch recognises the RO and hri iso- 
forms of CD45 uo t 1 > t 

Tri-hke cells with suppressive aerivsiy (3 2). 



iffimsijietciju-ai Smavn 25 u XOOh 
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IX- lit: knovai aboiii die downstream signaling events U;a- 
lead to Tri ceil acavatos. Upon polyclonal TCR eagagejitait, 
Tri cell oh * et!„p,a-, t "in. 4I0 m flto. ind f Tisre p:oo 
1 1 ; ( ' 1 t it 

<(.<■' mi i t [ •<<.*« Tregs 

(i:s ; . . 1 tt i ' . , and 



as well as cffcc 



calk reguiat, 
r functions n 



uediatetl by 
Z (33). 



" 1 it -> - [ 
Tri cells have a low proliferative capacity but can expand' in 
the presence of IL-2 and SI- 1 5, independently from their 

neVt ItK 1 .a O < J r J ~ L. f <• I ( I, s tl 



marks - r < , 1 eves >rs havi 

stAU-ci that Tri cell iut CO am t ve 

but up^n sai . 1 b<- i;\<,'j .d ' <" 1 

to those observed in activated CD4"CD25" T ceils 
and R. Bacchetta, unpublished data). Currently, m 
mttkecs for Tt! ceUs have been identified. How\ 

aiic! CD* CI >' T 't eal s 
repressor of GAT' A - 3 (ROG) in the former but not in 
ceil population (41). it has to be noted thai ROG is m 
for Tri ceils, since it is also expressed ;n activated Th 



olw 



expo 



; specific 



specdic 
ceils 



tor a chain UL ZFoa) and high levels of" the fL- i SRa. chain, 
together with both the ILr2=/flW5Rp and 11,-2/11,-! SIVy 
. i • , 1 ' ells express, 

normal levels of ac-wadou markers such as CD40I,, CD69, 
CD>:-, cttotov IkwrUofc antigen-4 (CflA 4), and 
human a >kovyt<- awe. OR (IILA-DR) (?4) Human Tri 
ceils iii -i- t tog p.tv pees >t i.l < te< 
(GXCR3 and CCS 5) and Th2 -associated (CCR3, CCBzf. aiiii 
GCR.8). daernokine receptors. (3S). Interestingly, CCR8 is 
expressed at higher levels compared with Th2 cells, and 
upon activation, human "V. > < ' ' •ntitliy in 
response to ■1,309, a iigand for CCR8 (35). CCM seems abo 
to be relevant m vivo, because it has; lx-.en recently demoa- 
rated trial ii a !< ;eb fe t 1 tt xpre don is 

• k 1 ( <. , ( „ 1 li 1 tt }T< I t ' >s s U 1 

resemble Tri ceils {36} Ih contrast CD4 + T cell front normal 

■ s - M 1 ' < r " 1 I is t\ 

CCB.9, <i><« « n« * r v v* -r>< < - 

Although the ;r; ovo imgraooy capacity of Tri cells has not 
teen <uiv v<i xo o nd 1 4 > n-e 1 ' 1 1 1 ceils 
display act enhanced aid selective capacity to migrate to 
inflamed tissu , durim a aais nut sun espoi e (33) 
-lowever prcs mo < s ie.eaok;nt receptors kaown 
to be involved in tht: spech'ie utigration ;o mhafn'oaio: y 
sites was not observed on Tri cells (38). 



TCR- mediated or A n t ^ ' <i 1 and 

these cells d( iot expau o< • t.-t t .drrdt kitt 
,eonditi<3ns. The autocrine production of 11.-10 by Tri cells 
j \ 0 f j 1 s on dd 1 

of aniolliO oionociccial antibody partially restores this 
response (14, 26). We destsoivscmed (has XL- i 5 supports; Tri 
eel n-oliferauon ever m the ab x - oi \E. ivation (34) 
1 > j s 1 > 1 s i > hi 

cell clones is obtained m vitro (34). long-term culture in II.- i 5 



- I"'*-' 



. of li-K Thtis. IL- I S is 
eil done.-; in rilm arid May 



although tt does enhance p. 
an important growth factor 
represent a st-rvh-a] factor for Tri cells in vivo. This rtotion is 
t- { h h -s 1 E ui sc. j a' ■ i 

mcrnrn-y T cells, which eOB.sinutweiy express IL-2/IL -1 SRp 
chain {42, 43). 



Tri ceils regulate nrsimme responstts through Uie secrenoo c 
h mil - 1 1 " 1 | 1 he 

suppress bosh lowe and r:'icmc>rv T-ceh resiiooses la viva an 

1 t 1 j ^u " i 1 jfcfc 1 ^ , ' h a-uitgt 
sp.scihc Tri s need to be activated via the TCR x Order E 



:cd. ' 



tells c 



Tri eel! markers 

i tl 1 Hi Is sprf ! 1 !>> 

Tri ceils to allow then* discnminadon from the naturally 
occurring CD4 + CD25* Tregs have been made. Naturally 
occurring CD4 + CD2S" i " Tiegs eoii„ti;uioeh express the tran- 
stxipuoii fac riot a< > rote.i i s 3 hid x 
srois their differentiadon (39) and is considered a specific 



assdT cells 11 1 down regular. >rcssi of co inniia >r> 
inolecnies and 511 cytokine pioduetion i>y APCs 
1 i _ 1 i_ j ! 1 t 1 t " i 

production by CD4* T cells (45). Similarly, TGP-p down- 
regulates the funetioia of AP& (46) and Inhlbtrs p 1 ov- 
and cytokine production by T cells (47). The suppressive 
effects of Tii cells are typically either partially or hilly 
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P ■ !L-:ij-S*:rsiir:= ':'.~! 



reversed by addition of antl-ILlO And atan-TGF-jj -neutralizing 
r-. > i i i^, U, -i' ^ n<: 0 na 

mechanisms may ako h.hTwM\ iuteTestisigly, red cells gen- 
erated i vitro b> jsslinkmg oi - u *6. a r 4 er 1 £ i 
'u'im ik "it. a 1 3 ai 1 

g aaoo nt ^ netton 1 r . 1 t S i _) II 1O 



g Tre 



rodnre 



some of these II.- 1 0-producmg Treys represent 
Trl !i arrested lis < mired steps of r 3^ 

li i they are already anergic and , f \ bo; their sup- 
pressive activity it nor ye; dependent on II- 10. if is possible 
that tinder the. 3 1 is , >u!d fully 

s fkr .i 1 1 en 1 o t if 

through 11.- 10. Therefore, we propose that these IL-iO-prOdn 
cisjg Ticgs, which require 51 -J 0 for the;r mducttos, «« 
termed Tfi cells. 



l. , s etweai '1 ta s nd C04 + CO25* Tregs 
and tha role of Foxp3 



do nor express high level;; of CD 2 5 or krep' 

15, 2 5, 4-0, S7). In addition, dema! a»a 
CD4' t 'CD2S + Tregs did not reveal the prese 
within die CD2 5 pool, prcnldiog forth 
they represeot discreet populations (.so) 



CD4"'CD2!> ' 'I'regs cam. from tits siady of a naturally occur- 
n g 1 . - O 1 to is h on 

multi -organ autoimmunity due 10 uncontrolled OH* T- ceil 
proliferation. Recendy, a two ba$e-p 1 ises i t the Fox; - 
transcription factor, which leads to a framesbifi mutation, was 
>h for the plieflotype 



t of C04* Treys, which i 



in vitro < H . - 1 - ^ it 01 t of the 

adaptive immune response. On the contrary, natural 
<3&*Cb2§'* 'frogs are selected ia the thymus and thus hiviB 
predefined antigen specificity t 1 53 1 < o Tt re T Tregs are 
. u 1< d < on the bates of eel; surface markers and 

i\fi,-st t : re - x . o s o- ^ n c-s have found 
that t:D4"CD2S' : ' Tregs can also be induced in the periphery 
front naive prec moors (5 T S 5). Currendy, there are no known 
usnral and 

these so-called ;ymgen-indueod CD-rCDcT' Tregs. 

Like Ttl cells, CD4 + CD2S + Tregs have a key rede in 
re ; > re t ■ 1 e T of antigens. 

Initially, they were thought to primarily control responses 
to eple t t in 



repn 



capons 
strated d 



pletely lack CD 4 ' CD 2 fo Treys and that adoptive transfer of 
tins missing population can correct the autoirommis pheno- 
type. (60, 61,!. in addition, it was found that CD4 + CD2S' : 
, j«gs >.xp e s > < 

ia mouse sv- > ss re tv d > m > E 1 
gentc mice (63) and ectopic expression of foxp3 in iiattve 
CD4 V T cells (62). h has been demonstrated that ectopic 
expression of Foxp3 can endow tnomse T cells with regtsLi- 
tqxy capadciej; i;; viuo and m vim ( 64). From these studies, h can 
be concluded that, at least ra murine ceils, expression of 
Foxpa appears to be necessary and possibly also sufficient 
for the development of CD4' ! CD2S + Tregs, 



Role of ; 



CD-I 



-m naive CD4" T tells is sufficient to confer a regular." 
cdon 66 t ) (Dor stud it > tie ! tat t to 1 
tediarei pi \ - ' cp3 in CEH'CDZS T c 

does not , id r t I J » o 



ever, t cit! - lis a ^s foj 

control responses not only to self-antigens hint also to slier- 
gens mm nog- ns re 1 t ' i ign tL>sne and xnifc 
tioas orgatiisni.s (S, .52), Then- dctaded phenotype and 
bioiogica t iiscussfed tiiei ides i this 

vfthitite of UiitiiitcTcyo-;; Roarers. 

We and others have shown that m sec; uiductioti of Trl ceils 
(sis letieiide 1 oT _> aoo ih.o T-lre 



ichi 



cells, r'oxpo is also expressed by activaorO c.ort-otpprcssive 
CD4*a)2S~ T ceils (67), suggesting that fat addition to this 
era is 5 punu iierer oth re-itapt re 1 1 i> required for 

ptj i 1 } v o 1 reover, 1 tan odls cc 

express an aheraanvely sphced rsoiorns of FoxpS which lacks 
exon 2 Al t ,s , t 1 'wi' isofre i 

re T larns 'o be fuih < 
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- , b .'li ^ "'tee 



biological roles iiuy not be equivalent (67, 68), Until the 
precise molecular fimction of is established, caution 

should be exercis • 1 m\ j f > from marine 

m "-is r 



icrai generation ofCD4*CD25* Tregs 



v ' - „ > jtiv"i p ( ' o i.) the ' - 

ipherv. i) humane, peripheral lit 1 L t > 

of activated ' remaining < D 1 begirmi.ag to express 

Foxpa . and acquiring suppressive capacity 154, 55.J Other 



pro* 



0). 



producv ■iiiiinuijoregulavcr}- cytokines tinder some conditions 
or in response to certain pathogens, arid m these specialized 
eases, led 0 and/or TGF-p are required for suppression ka 
alternative s ibility is that sub 

sets ofCD4*CDiS* Tregs may have a role in educing U.-10 
and/or Kd 1 Trl cells ( 85). u vivo antibody- 

based oeuo_ (a 1 i i 1 1 ' l>- M r i 

discriminate between these possibilities. 

Networks of Trl and CD4XD25* Tregs 
It can be oraifoi di o nat akU \ rh "its* -v. . subsets ot Tiegs 
t rr i> 1 ' i" i i ' i, thto pr< 1 

ably jthro n r dip, 1 j s r t a »ud< t u 

works of cy-okiiie-dependeas (i.e Trl) and ■ independent (i.e. 



mhu 



. The 



denronstraies that a signitieaur proportion of Foxp3" ce!!s 
we contai vith ' tion and that ii 

ceils j f ' \ i i i i be 

induced in vitro or in nva (71). It is therefore possible that 
'induction' td'CDfoCDrfo Tregs from CDrO " T ceils actually 
j n st ft t 1 o subset 



likely 



civvaced by die nature of the antigen, the context of antigen 
presentation, and she biology of speafic tissues. One further 
1 i 1 n \ .i „i i t t ■ ,r > ' s 

tregs appear to have distinct migratory behavior (86, 87). 
Finally, the time at which these two different Treg subsets 



ihi'l ■ au 1 > - 1 

Tv.' 1 Tiegs. Of particular t u 



4 + Ci'}lS * Tregs have, the capacity t 
: j> and to mediate suppression 
ers found that 11.- ; 0 has tea rc 



produce II- 1 0 and/or 
ia cytokines. We and 
e in the: function of 



CD4'CD2S" T-eeii 
r able to completely 



neutralizing antibodies are r. 

suppression in vitro (.98, 72. 73, 75. 76). in c 
nurine models, paraciikriy those -mdyiing mucosal 
.e responses, suggest that there is a role for ceil -surface 
eted TGffS in Cf>foCD2S' ; ~ Treg-metiiaced suppression 




Fig. J. Networks tOCOfo jeyniaursy 7 cells (Tregs) control itaroane 
Jt^owis to path nmvl i.» 1 icatcfj n« in 



tousning ex| t - > 

racoon of CD4 + CD?.5 1 fregs. but it is: 



These, convicting f 
ies in the suppress 



lings wit ft. respect t 
s function of CD4" 
t that these ceils r 



> the roie of oyto- 
0325* Tregs also 
■tii be induced to 



5 > ) t i i i i ! e t may 

ate lx-. cliffs t is t a r 3M + D g « 

be recruited and activated early during aa immune response to 
control its magum e vhereas kpt e Tri ceil vhid i 
induced upon repeated antigen stimulation, may act later to 
dampen the Siairtuiie respoase and to restore and Eiusmaia 
totexajic*. 

in «tro expansion of CDd + QXo"Tow>3* Tregs 
CD4*CDZSToxp3* Tregs are a sourer: of Trees with trte 
potential to be used for ceUulai therapy, but this application 
js curreody hampered by thai; limbed availability and poor 
x t i t i < i < ! >m have been 

math to develop met! pand rf is Freg subset w si 

preserving its regulatory phenctype. it activation in 

tin Re t J ( if < U IU r 

specific proliferation of CD4 + CD25*ft>xp3 + Tregs isolated 
from both mice and hnnutis (88-90). Importantly, iti vitr«- 
expanded CD-I ""CDs S "' Ttegs maintain evpressiCHi of several 
markers including C!>25, CTLA-4, CD62L, glucocorticoid ■ 
) preserve sheet 

regulatory function ( : >8, 76, 90). Moreover, i.e viiro-expanded 
aH*CD2S* Tregs are firnedoiiai in vivo. They can protect mice 
from 1 r s d iu )-v~i 'it', aim 

animal model of bone marrow transplantation (89), The 

l<n Utl Ji o t v i i < a - i ( DlVF>?5 + 

tor T ceils 

'i ,u i oi ia- ni Dili ii 1 

CD2 S 

vated T cell;., which ultimately overgrow rh« Tregs upon 
prolonged culture (S8. 76). We reeendy reported art altema- 

' r v t I r h r ts trii > ! 

iu the presence < > ), • Tit;:; drng blot a:;: the expansion 

of m ii s< "*'< x T cells, K sparing the Ci>4" f CD2 5 + 
Tregs s X cells are 

enriched ia CD2S b " Kh Toxp3"* Tregs, which are suppressive 
botb is t n and after adoptive transfer m v-vo Addition * 
tapaniyciii !0 trnese cultures <a therefore represent ait i * >r 
tant method to -t ^, p t v. ">-+ < 12 k r' 
Tregs for teihtlar therapy. 

Differentiation antS expansion of Tri cells in vitro 

Methods to differ t os-ence of DCs 

Tri cells arise from naive precursors in specialized environ- 
ments, interleiiitio 10 is considered to be the driving force to 
Tri i 11 gei - a i< ^ evpejimeiaL. u hi ! - 



specific Tri cd.b were induced is vitro by repeated TCR stimuk - 

ou m die pi - sigh d ail ' 1 at-ion i 
; aniin D3 and dexamethasone cat; 

hdifh miations i stain rdati nut! critic IL-3 0 production 
{23, ZS). Furthermore, treatment ofn.ji.wi lymphocyte reaction 
(MLR) cultures with t j» (92) {Fig. 2A). and TGF-p in the 
mouse, results be ane.ro> . The.-,e alioreactive anergic CD-I * T 
ceils are meapable of inducing C^Tsf) and suppress responses 
ol naive T ceils er in vivo s t mpatibl< 
recipients (53-55). ADoreaciv« Tri ceil clones from health) 

L las A'": t ll Vb t I>1 iilil-IVlj! 

n vitro 11.- i girt T r a v ^ 

1 « ,e ll > 1 »s e s-.^ 1 1 tf J E t i 

■he fid! a' > ♦ i " T >' - v rs c 1 nt 

a:- ia vitro system using artificial APCs expressing high levels oi 

relatively small increase in 

Co-addition of IrN-ct, winch can further promote autocrine 
!i.-i 0 production, results in efficient differentiation of human 
CD4 + Ti e t KutliKs,.' \' ta> Iaoh 

-CP5S-. cshi also enhance the indraction of Tri cells (96). 

Mil ISO'l JL- a 
CD46 „ tie p.m. , n. uner n i) 1' 

However, it Is still unclear whether these CD1/CD46- 
stimulated T cells are km fide Tri cells or If they represent a 
distinct inducible Treg subset. We recently reported that an 
anti-human CD45RO/RB jnon^cional a-itibotiy is a potent 

i L rii s j s >. i v 

T ceils, which display a Tri phenotype and suppress iFN-v 
production and proliferation of effector T cells via ll.-XO 

lations of atntgen -spv-ciik Tri cells will sigmfitatsdy enhance 
our understanding of their biology and their potential for 
clinical use. 

Induction of 'Tri cells by immature DCs 
Dendritic cells are professional APCs that classically initiate 
c , i u i i ises upon ifit on (97). Tbt.s 

proem involves the terminal maturation oi DCs, typically 
■nditced by agents associated with microbial injection, hi 
contiasr, : in the steady state, DCs remain immature (iDCs.;, 
net grossing evid nefi s u 1 ' " I i 
•o ! er ti u(f s - - v i elh iiid 

ot btfMamnitiori oi Tregs (?, 24, <)>> for < \a iph 

repeutive stimuSaiion of naive cord taloori Ci>4 f T cells with 
jab ic a A o - u r i i n Oi 

t . < i ii ,p! ' ^ ' 1 o o. 
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i i i n i > s 



vii« diJffifi-jwSaciojs 1 u * o type i usi'nw «i<^ PfsifOierO f list T , i i sTirjotbtol 1 ' « n 



Hrdeiiiti < 

„ ii, " o.t.n • t -I' 1 -m- i > . Int i — t i moivx/vos ji 
i' ^ I J i L ' u t pt ! a j fii> > 

or K'isoesii. (i!:n;ssi',eot:: > , rl l .iO^r-v^rd J sre bigM) 

l 1 i > a r ; >;t s 

: of .ni«go-«- psMC »atl EBV-LCL And vcp«tnve)y sorwilwed through 

•v t u "1 , (.] it ; . t , r 

e, il.-IO*ra£:-jj*U-4 "a-; 1 ""'''".! d»tisai«rflj»»r)c«fTrl «&-(B) 



: I j::o l ; r!ay ■.. v Ofp.ir:fO;1 ;ov -ir: 1 t :i / iSav- ■> 
ot ri:LOVf]h;:;; : rr tatwji leO. U | I 1 '1 ' 



; l I I vIXV j'i ft se 

responses of auioiogous COM' T oslb activated with ;;\DO>. 



i it n i hi Til 1 < »iv id 

iu< t s 1 1 5 > i * 1 eeL, vwih 

lb f '( \ « I < J 1 < t K J I I ' r S L> L 

OA t t > t 1 - { t i t ~ bi t t <. a i e i 

liypore-p < t le-aaivatiots it i ire < s and aher three 

v n'Tiiis ( i su >joiiu i i f i ^\ i r i -md 

3(f m ^ S I V v. s 

l ,^. ! ~v , it 1 I *> tell ? 



!; rp s s 



k 1 v i ! s ! e \" 

by ami -il 1 0? n lOriocb rub antibody, boitoatmg that they are 'in 
ceils that are generated ch-ough autocnue production of Tin 0 by 
^Cs 1 3 „ci ^ -1 oh tt t e.]atp rht 

presence of <b>rCD2:> " 'iVeg; for their sen::::.;;::;-:; and do cox 
oil haar 
aofiDCs 



iis;..> specialized subset;; of tolerogenic DCs may prime Tri 
cells (?., 104-108) Tolerogenic DCs can be induced either 
by biologic;;.: or by pharotacologtcal agents U 09. 110). 
For example. DCs treated with imrnimomodtdatory cyto- 
kines *iCh*& IL-iO (111, 11 I), TGF J3 ! H 3), IFbi-a (I 14), 
s> ( ) b ^ , J tlw i i'cr 



ad 



DCs gei 



;■ pn 



(it 



K\j =• i jgmbou So . )f 11-10 ct mpare.d 
with ;DC;-;. whereas die amounts of IL- ! 2 are low aisci 
comparable to those produced by iDCs. Importantly, this 
ratio of cytokine production by II.- 10 DCs is maintained 
upon activa » " i' x : JL-I0 

DCs are more powerful than t.OC.b lis inducing Tri 



robo- 



L ■ At 



- prodvtv cjc; d v ■ ^ 't 



round of stirmikt; 
paraoon) (Fig. IB). 



35 



Certain pathogens or allergens, such as ifcrtfciiiis pmasm 
(116), L\ n i &b >f " iti * r i t it i 

<;v si de immunity by priming DCs to become tolerogenic DCs, 
which induce Tr tel.- sm\ to ioft ox ages - sotj 
studies 'report that DCs loaded with tumor antigens can also 
drive the dilFemniatioa of Tr j cells. For example, exposure 
f ( s wi o\er 



of Tri ceils by tolerogenic DCs (130- 
nre 2,3-dioxygenase degrades tryptophan, art 
ici md Us expression n as v i s t 
ir i an D ex j i g > block T-cell pro 
•o (133) and ei vivo (134}. furthermore, induct 
<r - b, « v.i.a; a ^.i/t'^t 



t (132. 



ectoi CT!.A expr. 
si , } tan r-iirse 

DCs to produce 11-10 but not IL >2p70 These latter DCs 
> i the ■idieresitriiioi! It cells, width .i Lb, effector 
T ceils t i. DCs c« « K « i- id r 

endogenous protein.s. such as heavy chain leninr; [122), 
es, soch 3 

C w |J, 1 o,d for Motch 



downstream mediator of slit; tolerogenic effects of CTLA-4 
(.135), s, , i prt sv i < > t ns t the 

lie Mrs induction of adaptive Tregs. 

A i >- t i " t enzyme involved in tolerance > u > J ;s 
HO-1 which s i , > : ; i s il 



Tregs 

Filially, DCs created with Hnmunosuppressive drugs, such ;ss 
i > '"s t t odolat > PC 

hi i M lit is < on 1 > ^ tppressivi 
(VIS. 126). 



regulated di icoioaocn 1 p.et. uia'e i. < i< ; -\r<i>. 

siors renders DCs refractory to maturation arid inhibit? tbeir 
oko t f- < 1 ie et c-s i, j 0 

production {139). imporuirdy, over-expression of HO- 1 , by 
iasragriift or i 
the IH>1 < 



p-hvei v 1 <1- t J v 



ci nee 

cells does not correlate with reduced expression of canonical 
cOSEim.uiat.ory rnoleouies. Monocyte -derived DCs treated with 
bt o t e ' to s s - e i 0 i t 

Ida,, s i, i 1 t 

the! i er i h f 3 j i 



... po 



robs tb.it 



B//CD28 family, 
ligaad (1COS-L) c 
uldinately induce 

exposed to respira 



repine, 



ofli- 



d ss ii-K) 

both in vitro and in *ive, also plays a central role in modulating 
protecoo i ! >i t I i 

mice- (Ul). finally, delivery of II- 1 0 by adenoviral vectors 
leia-, tecum ice ^ i t t >J 

rmce ttuoug - 

suggest that there is a link betrveeo JL- 10 and HO-I. but the 
role oi' this, enzyme io regulating Tri ceil induction by DCs 



'sit I,! " 1 

i i i > ' ^u. m. 

he generation of Tr! ceils i\27). indeed. 
DCs in if r r i \ i 



Not only myeloid IXls ine 
plasrnacyioid DCs, cart ■: 
Plasmacytoid DCs polam 



other subsets of DCs, including 
• the f ( n 1 1 of Tregs. 
ells cowards 'I u pnv tin 
(3b, 143, 144). Interestingly. 



T cell ail gy i IS m o 



addition so the possible 
<i n of f-n soch . 



■dug h:gh levels ot 
} and. 11.14 induce 
IS * Treg diinren- 



t D3 



a, and s 
DCs, which liecrit 



tie of eostmniiatory molecule: 



-vbs. 



ary 



proliferaiive aod cytolytic respoiises and nevhit'e suppression 
through il SO (30). In addition, repetitive stdnnlation of 
■nnve CD4 ! T ceils with murine. CDSa* plasroacytoid DCs 
hilm K i i erit lympl e h< gener 

1 , j ' i ' ► ^ i j t » pr | e 

ues (2 4-5). It has also been demonstrated that II. - 10 drives the 
- vino . n- >t '[<\ --s v o l m.tnoe V* \ 
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h I f - i 1 (. s 



characterized by high expression of CD45R&-. .interestingly, 
CD4SRB i,J8b DCs cm also be isolated from the spit-en and 
lymph nodes of normal mice. These naturally occurring or in 
i ir n > <.e- < t> i^ v 1 s d i - I m 

immature phenorype, secrete high levels of II- 10 upon acti- 
vation , and i J fic T 
cells both ia vivo and in vftto (t46). 
la 



ichiSiOu, 



ittdw 



tl, i- i ! < i i 

induced by mature roku-oj-enk DCs become sully iunaicnai 
only after n e and d there! can 

have a role ha dampening the immune response and limiting 
■issue damage. 



kiducnc 



t of Tri celis to vivo 



t ( tLtt erance 

is an u i e > i i t < ti a r ut so cure a 

S iat! :a:i> , k . a s A- it d others have 

recently shown that Tri tr specific for ailtja.tiuge.iis can be 
induced in »m» ha models of pancreatic islet transplantation 
(14?, 148), Administration of rapatoyar; and 11- 10 to dia- 
,a > st t % ie p t ti s L 

. i! lis it dk , ti u also leads to active 

long term i <. peufic Tri 

! ( Alone does 

t t v t i. i f r >t the p ' o 

induce tolerance. Although lb- 10 administration reduces 



msullkient to counteract the expansion and function of effec- 

el <\< d parity' < ct e < , coon 

operational tolerance in this model Rapamytia blocks IL-2- 

!' J SCto t- p> IS' t . -L.uc T is ^ o u- t t n iy \x 

edd mduetsot; via TCR stimulation in the presence of II- JO. 
These results indicate thai in addition to the generatit n of 

? c s li MiB itl t n >i k r 

cells is required to induce long -term tolerance (Fig. si). 

Asiedu et at. (147) Tecendy demonstrated that pen- 
transplam trealmeni ol diabetic non human i i t 
(NHFs) with and -CDS imnnrnotoxin and deoxyspergualin 
hidac.es stable rejection -free tolerance to allogeneic 
i i > ispbnat < t < i s 



eflec 



of : 



e mantram 
girificant 



of DCs. tatc-iescingiy, frequencies of 
n eas d in } mh< od Wood m no 
nuclear ceils (PBMCs) J i< >; o n r - rut nhP r> 'ipet is as 
t t ii i acld.itioi ae increased n irabe 

of Tri oeJIs. th* tolerant N'HPs exhibit a nearly threefold 
increase in CD4* CD25 + Foxp3''' Tregs {14?}- Similar to oar 
own findings, these results suggest that induction of ansigen- 
s f t c It ? A n o r it Jt<< 

drags thai dow-nmodulate inflammation, block effector T 
ceils, said ciii'fereudatc Tri cells. 

i ti i r „ ^ a < . . 1 u . i ; <i 

as a way of inducing immsxne suppression by depleting T cells 
(reviewed in 149). More recent tudies. however. Indicate 
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led. while ccnd:ccio eat per 
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that tmri-CD3 nonocbnai itibodies a als m iuiate 
immune responses to hunuss (150. I SI). For example, 2 
single course of treatment with a non-FcR binding ant.i-CD3 
>s >«j< »i3 k us n to >V '- ' Mi ilr leads 10 preserva- 
tion of instill: n patient tl v n e 
habetes ( 1 S Th 'it ! 

i , , oduer on o* 

^ eh w <. 1 \ r r , v o' '1 v\ 

II.- S. bui rarely IFN-7 or EL-?, to she serum of treated paoeats. 

In addition, this treatment induces a population of 

II- 1 0*CCR4 + CD4 + T tells in v-va (i SI), it is therefore possible 
ha i ! 1 f i 1 i 1 

cells in vine to contrast . m rtiunut studies, anti-CD.? monoclonal 

Tregs, which suppress, through a TGF-fJ -dependent 
meehamsar. (SO). 

These data indicate 1 selectee' , f - 1 ' > o 

pounds can induce Tri ceils in vivo thai mediate long-term 
immunological tolerance, to the furore, novel pharmacobgi - 
a mm mt 

« t 1 trn t t til p'CM 

to promote Treg function. 

Role :0f Tr! ceISs in modulating pathology in T-celi- 
medtated diseases 
!, [ 1 < n 1 n - 

Hut itleiMi »n j it 1 

i K •> 1 " J o 4 < 

t d 1 v st i , t 

( >h \ v \ , mm„n 1 to , v m . - - - ells. Despite 
s e d l < tV hD n the 

>-*ti^ t j > ' ' ' j I ' 1 tangly, high 

ie\t of 1 U 111 v p <on >t u a p^-te nts. 

J t 1 t - 1 oe Js Ainc 3 

i s;t 1 c 1 i i 

aeous 11,-10 production by FBMCs before allogeneic HSC 
transplantation has also been associated with a subsequent 
low < u i n tut C a rid nottal t> 

(153, lid M th i "m ' « < K 

producing II- 10 in response to recipient ailoantigens have 
beta found to correlate with rte absence of acute GVKD 
alter allogeneic HSC transplantation in cancer patients, while 
., s tt - " i,. 

(155). In addition, a , if w- 1 toe ii.ie II- 10 



'ft 1 1 i v ^"^^^ 1 rto t -pc i as 1 vu It! 

tianscfi|)tion levels of the II.- 1 0 gene, has been shown to be 
a protective factor for severe acute GVHD and death in padents 
after aiiogeneic HSC transplantation (156). This protective 

: in 1 no - 1 fadeffo 

tnorphtsm m tin d-noi's 0-1 ePp cham stototoRS.'e: }8*C, 
It) i I nto' spou ar e . is d< su ^ ricm u f ..M ju e 
to kidney or liver allograft In transplanted patients is asso- 

I it-Ji (IS8) 

Togedter these data indicate that l'j t cdh, can regular- 
touimnt; responses and induce roJeisuee se «n> 1 bone 
marrow arid solid organ transplantation. 

In healthy individuals, multiple mechanisms of central 
iiTinntc.oi.cg iced tolerance eliminate or inactivate lymphocytes 
that bear receptors specific tor amo-antigens in the thymus. 

these sneciiaoisnss and are present -widths the peripheral lym- 
ph >ol One w b> it th. j tht ?ei < e tS ol 
tfeese auiorttacdve T cell t >ncs ; h pi m check m the periph- 
ery i,s through Tregs. h has heeri seggested that the n. n lt t 
occurnng Cnj + CD: S* Tre^ a, e tc then ihvnu ~ t>rigm. axe 
mantis tnvch<ci >n It t se t^ -< it <i 
while Tri cells, -which are induoid in tire periphery, may be 
important, for controlling tommce responses to noncseif- 
a tn 1 do et urt a , t t ti to it t 
a central roi 1 • ulattog immune sponses u self-acti 

ptohieranon of primary CD 4" T cells and tetanus toxoid- 
specific T-ceil clones via Ji.-iO and TCF-j'i Tri cells specific 
for Itosnioglem 3 (Dsg3), which is the amoantigen of 
tRj j Pi rn 80% of heahh> 

icuriers of PV -associated HLA class fi alleles bet only in 17% 
of ?\ patierits (44) rhe.s< Tri cells ippress prolsferativ< 

tNTt S t 1 > v It I i 1 'ft 

tie- ) miiarl) I cells 

fiommw-d \ , nmi; K ; g ; 'i . t ,a\s 1.1 molecuies 

sji. 1 Pi ( N 1 ' 1 3 v < IV ' 

peptides ^ >du aedo 

'HM^t \ - (. ' 3 ^ 3 < 

IL-10 but not IL-2 and 1L-4 were isolated from peripheral 
blood at d synovial tissue f rhenn id arthritis rtA s 
pant m, bnt then- h<\t x ienc> w„i .g.mna;. t t . } » 1 
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, n rati x ,« D ,-t,C'i3'J6 



with th i n mr 1 pa i ra s t f j i a . i i 

nuae d \ c i >, i s 1 1 '! n t fj , u ^ 

of these lt.-10-prodsieing CD4* Til cells in the synovia of 
RA patients inversely correlated with the frequency of Thi 
cells (161). interferon-?- or 11.-1 0-producing CD4 + T ceils 
specific fur the major red blood ceil witoanrigen. the RhD 
protein, were concomitantly found m the peripheral 

(161), > x > ^ s 1 i 

not fully irrhibir the development of 'i i j disease 
ds' t 11 * 1 

specific Trl cells are present in humans and that they 

j | ^ < i u I t 

that skewing of artf-n-icrive T cells toward a Tieg or Thi 

> 1 } t a i i " ' j is s \ ot t 

.i>i i! i.n , i \ i i e that .in in 1 of Thi 

cells results m pathology. 

1 «. >th, , j < ' i ii 

ring CD4 "CD2 : r Ttcg and Trl eels subsets m regulating 
immune responses to self- antigens has not been completely 
elucidated. We demonstrated that t combined treamiesit 
with h im u id II i l s , ! 1 < tes develop- 
ment in NOD mice through induction of both CD4 + CD2.S* 
Treg and Trl cells. fUpamycin expands the. naturally occur- 
ring Tregs in the pancreas, while II- 10 promotes 
die dsflerendaiioH of Tri cells in the spleen. These two 
Treg subsets may act through different mechanisms. 

i pancreatic 

i>t > t < 11 tide Tr f ceil 

cngan (,363). 

it is tin e e ^- in ' > . . " ' .-os - ; 
self- antigen -specific Trl cells are required io restore and 
nam > 

Trl cc It J mucosa 

"ft 1 i > i •> ? t 1 in 

responses toward allergens i as i In < r t venom 
(164), and cat allergens f 1 e. 5 } (Mh 21 Studies oti the 

i i i i u <t > i ^ s . i ' 

hme remot d th a ! e]| s , M ^ v' p . .it the dosm- 
rut ah t sy iti i r >; " > e ft r_ di i n 

health i iuals ! 1 * t ' s L " bend sal 

for the treatment of allergy aim asthma, mail ;is - 1 ! on 

si •> 1 ' ^ L 1 " <> - >l si 

J "I -It < '1 1 

seems io be linked to the ability of T ceils to produce P.- SO. 
CM* T cells from giucoconicoid-nssistaw patients fat; to 



Da atid dexameihasone potently inhibit athmgeadiidnced The 
cytokine production in an lL-10-dependcmt manner (168). 



cell- a: 



vely, the 
: itnooita 



alie 



sdo,b: 



and t art a u between, allergen-specific Trl cells and 
Th?. ceils ma) be a major fa< in the devebpjne - l i gt 
Theii.ee 

caning tire balance between protection against pathogen.'; and 
opresponsm ' 

e cf mi I i s c ._■> 1 «s X- n pi ,pu i o 

that there ar 

induction of oral toieranee through Tregs. 'The mucosa! unheu. 



oath t 



such as Ted j +, aid! i' t it 1 < i i ii 
oitmcnt. Intestinal epithelial ceils express MHC class ii mole- 
cules ano m 

cells However intestinal epithelial cells are not 
APCs. and therefore antigen presentation by these cells might 
lead to she development of Tregs (169 ). Much of the. insight 
into dse role of rrl cells t stasis has been 

^ i - j r t r t i T ( 1 is* j td i ui ■ ni.iis if 

this mcsdei, transier cd predominantly naive CD4 4 tiD4 SKB'" 51 '' T 
io lejds to the 
les i ^ ' i T JitL i ■ tst. K a 

mediated by Thi cells (170). Cocransfer of CD4 + CD45RB i!W T 
cells together with CD4^CB4 5RB Ush T ceils prevents the 
iiatiioitjj.) dnt: to the ildb arid TGF-fi-dcpendeut activity of 
Tregs I cell 

clones can also prose, t the seYeiopiiaent of CmSRB 1 ^ 
iKd i < r dd) 

k i if n tit 

T " " • T cells from nermai intlivehials can have char- 
acteristics of mucosa; T cehs, i.e. she) 1 display an activated 
i i t _ t w < t a- 1 5 

Th i or Trl cytokine production profile, and provide support 

These 

ceils may play an Important role in smalt bowel immunity 
(172) arid iSD, as well as tn Crohn's and celiac, diseases (37). it 
is temp < pt uhio Tat th s ?~<:r» " Thi and Trl ceils 
j i t y p small mtestanai unit ml 

nun t ' stem id pis »o riant role in effec or and 
> t it espec <J s i 
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Trl cell clones specific for ghadjn, the irajnunogeoic element 
of gluten, from the intestinal mucosa of celiac patients in 
remission (i.e. under gluten-free dies). These Ts I celt clones 
are anergic, produce J1.-J0 and TGPp , and have a strong 
inhibitory capacity on gisadim specific T- ct^ii ses, in vi&c 

(reviewed in 108, GUafram « at., manuscript submitted). 



Trl celts in 
infill fo.teign 
:> which our 



antigens, seen as P< i ami d as: 

an is ] 1 ! 

Rote of Trl cells in disease progression 

Dowimnxiniadon of the mnmme system by Trl ceils can have 
t t!i m , 1', < , - ' >" P .A adaptive 

s rmxcti e response. < i 5 1 1 il : < soabta 

imiuttioB of Tx; ceils is; An attempt to limii tissue damage by 

v' t ^ 11 1 if d 

relevant is; the setting of chronic infectious diseases and 



protection agamst *\ imlanumuiom This smigem specific 
1 d by H.-10 and TG£-{i (i?6). Pathogen 

specific Tri ceils are also induced at the mucosal surface 
i jp-p ]( i 1h '} nediAU i 

responses are suppressed. T regulatory type 1 eel! clones 
specific for fibmwiitius Vmaggmfinm {rH \ ' ana pt-tacui 



I the 



fib! 



11. The. 



r IFN y 



8, penes. Furthermore. FHA inhibits UP production by 

DCs, v\hen\, " b 10 h, T s s h 1 r " J >. o t 
hrcr Utk n c e 

I [ << 1 s s > t M 1 lc O 1 

antigen give rise to antigen -specific Trl cells (177, 178} 
(Tafe i and 2). Moreover. imhnsaraa major (17S), hepatitis C 
(179), il^iu 1 Mim ' - an' 1 « t k,„t. u h» t 
been shown to induce II.- 3 0 secretion by APCs as seed as the 
differentiation of Tr 1 celts vox. its!) ('i'shie 1 ). This phenom- 
enon is no; only relevant for hanomi persistent pathogens bur 
also for the regulation of immunity to commensal organisms. 
T 1 I he f] in o ^ 1 " " i > mg 
1 ,0 r ) mucosa; 1 1 1 . is suostantjai and i been 



strategies to promote Treg development as a mechanism of 
imniune evasion (173, 174). Although suppression, of the 
immune s ?J fo the infectious 

ige t m i 1 al > c a c j 1 i 1 ' ensfit for the 
host, ' 1 1 - i 1 t i 1 vdt! 

match' < s< on >t 3 g c x 1 < 



have evi iv d > d on ay s en n t t U 3 

a, ystem in 

)e Ik tin in < < 1 tb rcge.i,! 

t e'ai to the 

Mtihipie dhierem types of Pegs have been implicated in 



mPc 



"CD 2 5 



m hb a o 1 5 ii t , 

inadequacy of CD 2 5 as a maker of a Treg subset have often 
uu . ! de v s is t! 5 e wo subsets 
in mouse models. We consider data indicating a role, for -11.-10 
in suppression of immune responses as strong evidence for 
the presence of Tri ctbb. Treatment of mice with a killed 
V\ 1 it , jpejnmn j f 11 tege"" 'mPam 
gem. specific CD-t' <:f>-SRB K "" Tri ceils, which confer 



evolved sophisticated mechanisms to ifidn.ee 1L-U; produc- 
tion, either by inducing host APCs and/ or T cells to produce 
this cytokine or by encoding their own iP-0 homoiogues 
"c 'e s i is sues i is ' 1 'en v 1 1 10 1 1 1 
uataoi! promotes tolert-gemc .0 , and P diiterentiation of 
I 1 i b er st evi r 1 e 1 activation of CD46 

on. T cells by a variety of viral and baetena! pathogens can 



sine. 



Odii. 



into Tri ceils {49 dternat 

ah ie 1 il - s 1 

cyclase tov "-ti s^ 1 a t m 

^ pj r P 1 , e i L,l b It 311 Si 
m i sm ^ s ft , bs idn s ' 
IP 10 homologies themselves mciude human cytom 
and lipscem-Barr virus (£BY) (9, .10, 185). The Tri 



sag 



>s , | ,, 1 nc 

only promotes viral persistence bin also may contribute to 
mnmEo: supc^'ession :. r t Hodgkiii's fyinp.boma pP). 

~ n s ^ Hsi 3 J 

S'-e. :; -an v pose ves their capac vs t > 

S-aSk to site id mat 1 t 1 directly to -a 

variety of annate stimub. For example, CD4'CD?.S + Tregs 
eaiprest 1 sub >' C like , >:or.s L.P and 1 T ligai ds 
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can enhance their suppressive function (18?, JS8}. To date, 
•here are no reports that document the presence e r ibsen e • t 
TIRs ok Tri cells. However, there is evidence suggesting that 
pattern recog 1 rs ma> 1 n j „ f < fane 1 

both directly and nsdirecdy vis their capacity to regulate IL 
1 0 production by other ceils. For example, stimulation of DCs 
with peptidoglycan (which binds to NOD i ) or £-glucan 
(which binds to dec-m- \) increases lb- 10 production (IBS, 
190). in addition, TLB. 4- deficient mice display a decrease in 
fl 0 p ndm r n n w"^ t r r utnu dc not 

devekyp Tri cells, and have ass increase in inflammatory 
pathology (191). Future work will be required to clarify 
« he el < : sannnj-je bset of TIB or whether 
these, effec ae so I tedi; s> iirecdj via regidation of 
cytokine production from APCs. Tin;:;, she concept that many 
mi tt Viin di may t > ev«iopmeat ot hoget 

specific Tri cell; warrants farther invesdgatioa. 

Tri cefe its cancer 

1 t n M 1 ( S S I 1 i I ' I , 'I 

i t>> 1 >th i i u J inn 10 

t u defective 

tftimiatc^-Wspoases assocla ' vitb primarj innnnnodellcien 
des (.192) est long-term immunosuppression in. patients 
rcicui!,, c\ c . '- M«h 1 ^ 1 i, 'oJtn m 
increased risl; for the. development of cancer. In addition, 
tumor cells evoke tnedwaisxns to evade the immune 
p liV -, f n <. c ^ in t t iwn expres- 

sion iti 1 h fi i\ no u \ ipmg recogni- 
tion, by cytotoxic T cells i'CTls) (195. 19?}. 

The capacity of SI - i 0 to downregohue enmune iesptmses 
ha;; ; tise. 
prnhogereebs and progression of caecer, .bbwated levels of 

in in r 

is 1 ' t 1 1 1 [ 1 f 1 1 1 

! 1 < ~ ^ 1 1 pn f 

I ' t chroni v 1 had eokemia (€ I ier ass 

elated •> Is ' m ccc Sib '3 ' ^ r 
<i v v. t\ j expre.-sstng h levels oi il.TO are 

consistent with the observation that It- 50 has stimulatory 
efle.t on >n t . t > i i , a' - 1 • . s 
spetiheCDtT e ft«'v« tell - te 11). 

Considerable efforts have beer; made to einoidste. trie role of 
bo 1 1 ! 1 > es 

■u.i.'-L.of 4 < 1 1 N Tregs, 

c t , en f ^ oi i c i < On 

i id elimination in monocloiu! an odyTiased depfe it n 



studies. Evidence lor tire role of CD4 + CB2S' : Tregs in sup- 
pressing ami-n-nror immune respotises in a variety of moose 
models is compelling (2OO-20 2). However, most of these Tregs 
mediate their suppr- - ~ 

rnaniiex, CD4*C0?.S* Tregs have been shown to infiltrate 

1 v t , ' in s 

CBS * effector T ceils at the tumor site in an Si,- 5 0 and TGF-d) - 
dependent fashion i 70^1 O-iT 02S* T^; Is.- s 
T-cell-mediated imimme responses against a nsunne colon 
rt n. » . < i f p wni't, (204). 

H-.-nv.:ver, CD-l^CDiT H ' Tres^ have Ts-o been show! to be 
able to inhibit the outgrowth of routine colon carcinoma in 
an ! it ii m iv <i r ! 

inflammatory respotises at die Intestinal mucosa and/ot 

1 t 1 1 >{ S it u f ' i< 1 t s 1, 

mmotf itrflitr - t ta-unonia 

patienoi, and then presence has been associated with poor 
pi >gnosi> K , K 1 v ,s j [ r> v < pi 1 n 
ti#y toscted towards astates and minor ossnes and not to 
drai.niiig lymph node 1 soniiiia 

by jo> .vi 111 ' s t s L 1 w 

eC02 (203). Increased xmmbers of CD4*CD2S' ! " Tregs are 
found in the peripheral blood of patients ahected by dttfeem 
types of neoplastic diseases, including breast ai-d pancreas 
carcisionia, as compared with healthy controls (208). 
CrH~CD2i~ » '1 

mftitraiatig the cantos or she draining iympS> nodes of these 
pattents. ant. tin » t it n >■ 1 i< ^ t ^ tt\ o vt tc 
cultured with anti-Cfta activated CDS" or CO-1" eilettoi T 

-b ' vSi no, o. f t> A T \ i* Trey; s { « lis < • the 
tnmor antigen LAGK- ; were isolaooi front TShs. providing 
farther evidence thai tnnun antigen -specdic resptmses can be 
bartipej d bv I 1 it 1 3 1 ; n ft i > i 1 

hased on these data, it has been 1 _ a that success - 

a nor set 1 1 » > ^ nit the etlec- 

tor T ceils mediating an and-iurnor rtspotrse and reduce or 
block Treg fnncdoii In a recent study. IL-'l was found to 
si^infkanrly expand <"D-! + G"i2 <i ' Tr-gs m tn- t-j-piern 
blond of roeiaooma and renal cance; patients, providing a 
possible rationale lor the low iiS-COCo response rite < 1L-2 
therapy: in these patients (2-0). High frequencies of 
CB4 + CD2S r Tregs in the peripheral blood are correlated 
! , j e v 'v " and the 

freq-ofiicy and suptnessive function of tl-ese ceils ss reduced 
b% treatnien \ * & r i ' 

s, red 1 lot; oppression by Tregs might be 
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one of the mediant ,ms underlying the therapeutic benefit of 
these cheototbeoipeude agents. 

t i i Ti i> ) r s l _t < , 

erance to tumors is currently poorly Lrnderstoad, Marshal; and 
mot " -i i <s t f ! t n i > 

p p', i< I } E \ r Us V Kl 

both Til and CD4"CD2S"' Tregs and out usetr suppressive 
fun ana f i » arnsm that d pen > 

XL- 10 and CTLA-4. Seo And collaborators. (212) have shown 
that Trl and Th.3 regulatory T cells cart be isolated from Tils 

II oil 1m t It > K ~ t Ui t O J r >f - oT Of 

these cells facilitates tumor growth to syngeneic animals. 
Importantly, the suppressive activity of the Tregs was 
mediated by TGF-£ and IL-iO, and injection of 11-10 into 
the an" n fiitl- n < - t in 

ctkbl Segai a at. (2 S3; provided evidence for a protective 
role of Is,- 1 0 in terms of tumor outgrowth m ■ murine glioma 
1' Met p-»sp 1 rp fi . P t 

CP's; ail. it is posse the lhar different types of Tregs are recanted 

k t f * It < s ^ s lit! "> ' , J t 3 s 

u id armm -i < i ' i oia.. initiiu 

no!< pu il u ntv v ^ r » olo the success of 

dime A proio i -> 1 indent cat the! 

capacity 6f these protocols not only to boost aTUi-oniiOT 

CSj - > Os > 

Immunodeficiencies due to defects in Tregs 

VlJ, U IS „ 1 S 1 * I L + t ' - 1 1 

an result in 

itii j 1 * v n i - > ! J s cm <i r 

i on li ' t > i l i i i - 1 1 

i • =h,. -i m s s < jj seem to result from 
nst a<-f< thai 

defects can lead to a vmi- clinics! phemeype For example, 
to is I -if >e i it 

$ hi efeaav c< T-ctD ? ni escape of auto - 

active T > -'«. multiple 

endocriae glands on org use to the autoimmune poiysiidoct!- 



The. clearest example of genetically deteruiunxi impannient of 
per i t, a. M c oid a g ijie « uis in tha 

Foxpa gene, in the mouse, mutations it; Poapa binder the 
pns«t i % " j S T egs a n ig > > s<s n < n i 
mtiiiity and uncontrolled JymphoproliferaUon that can be res- 
cued by transfer of wildtype CD^CDIS* Tregs (60-62). In 
bjifini n tn ^' ^ fif , ' i< 

dotoiinmniie 

{ t j Is s (< 

autoreactive v , > )S isite and the intes 

v t i i ts dtabete mo 

r< ir»< wry < i 

noinntnC'giobiiiin is sertnti ieveis is also present. Iiitcrestoagty, i. r: 
iPBX patients, tnotatioti of FoxpS does not always lead to 
abrogation of protein expression and lack of ©4*0)25* 
(lit) Tregs (ftacchena a ft, manuscript snbmiued). 
NcsertbeLss. T,sr k .s Occu lt-'E>. t s;i s i p sir s s j. es 

<■' r ftflacm e i t- i 

tf E d 1 p 1 v 33 r 

Poxp3 not < 

CD4*CD2S i 
■psthmys wigg«»?d by TCP. acsivation of effector P ceils (1 i S). 
t ^ r l J iuwt s e us i s OM ; s 1 1 lion's 

by iJiteracung with nntiear factor for activation at t cells 
(NFAT) -and NFkB are in tine with this notion (219., 220). 
i base oc t t i 1 n h s d , 1 un i 

| f 33 1, * I I < I m s t d i 

dve cliifen-.titia . or function of natural Tregs It remains «» i)e 
■ p«' thtr [x-rrpbera lilereu 11 icppove Ti ceJP 
s s n<pei i 1 ' 



lip; 11": ;:X( 
il: aOdit: 



: ft (■ 



athyt 



(A; 



.ieed. n is possible fast IP- iO-dn-sen Tri cell differ - 
in the petriphery is not affected and that these tells could 
ns ; i t il pi < j i>i < t t, <>••. 

it! panents with a in cluneal phiootypc. Retntiiiy established 
is vine „ i ' i ' ' 3 i > i tJ 

Tregs cohid thereiore be exploited tf) design new dietopeuoc 
a pes for these rat t pneo n» o 

Cellular therapy with human Tregs 



has yet to be determined, the mniitmopathcsiogy confd be due 
to defective CM^CDZS* Tregs (2 id), because the sJ 
phenotype is very similar to that dttsctibed to nude mice 
r. t i i d s <h- t i , si s p 



variety of disorders of the hematopoietic system including 
hematologic mabgrwatdes, such as leukemia, lymphoma, 
and i i i t 3ft n< g 1 \\><h as p • - 

thalasseoua and. primary inutuinocietkiericies (221). Doncsr- 
derived T cells administered along voth the grab or v parattely 
crucial for the 



\t ( stTXC f Hv ; 

accelerate tannine reccmhraidon and dtainaie residual 
■ieto,<= s ' ! l l. •> ?m* 1 

tiffiiOfi tui u "* | j.mauiera^ sjj e - ve \ ■'i < 
iog GVJ./GVT can also tau;.f< acute arid chronic GVHD, one of 
it e ^ j 1 , ' t > i ^ - ^ 

ati f- t j > i I I i )' u i ^ 

ti> i shown that the two eiiukaj phenomena arc frequently 
associated (222, 223). Considerable effort has been made over 
the recent years to obtain a GVX effect without GVHD. The 
' art it i i ^ It! I - ' s - 1 <?0 

< G t b a noi ceils 

(224 5 and the use. of donor T lymphocytes engineered so 
express a it' ' suicide gene that allows theh rapid 
e&ninartoR through administration of the relevant drag im). 

of the u-^iroi of T ceils cti the , t vouch reduces die-extern 
so which iinoi reem-sti::uuou .is obtained, as i as to u 
Issues regarding - te lih 1 

A ; . - , m d in problem, 

invokes the use of Tregs as a cellular therapy after allogeneic 
HSC...tr«ispiantacioii. Due to the relative simplicity of obtain- 
mg large, numbers of purified CD4 + CD2 9 + Tregs by selection 
for high levels of QDIS expression (89, 90, 226). the pottex- 
iteiitsfcof nater., t< m '"hm - sploredinpre- 
ih in i i < ' y- la t i <S^i a 'it elegant 

si j ter m c r > i ' t " Tregs 



cuaa 



bv die:-: 
> fully 



reiis. 



the arm- tumor effee- 



r>f ip ens t°K VS) 1 - s t 

allogeneic M1.B in the. presence of 11,-10 reduce skin graft 
GVKD in skin -\j ten assays (22.0). Using a doaor--recipieat 

vflJ?. 'system in Li se s gt < II,- K established 

a protocol k donor -de ed 

aSoamigen-specifk anergic '1' cells (230) (Fig. 1A) We demotv 
srrared that donor PBMCs cultured in vine wits irradiated host 
PSMCs tR the presence of IL-10 for 10 days b.tcome .mergec 

owan s the he mag < t s i s . t « * Uit 
proliferate in j th 

'i i r , < ! T es > i ~ . 1- , e .a. Wit io i 

for almafih gen -specific Trl cell precursors (2.30) (Fig. 2A). 
Based tot tin i J i r| f ted die ft M 

protocol of cellular therapy vend Tri cells after Hi A- haploiden- 
1 H i i i! j t tt s pd.org) 

Human Ir i_ ' ot * t 

a valuable source of HSu's to coos; patient; m need of a bone 
marrow transplant when matched dtmors -no- unavadabie, A 
n gih> is y ^ e ' i * i ui 

cell, as v racial f i u l without GVHD 

i r i c » i 1 i I t or 

i t i i jo t. - c .'I-- nu i u 



^ >t He i t < i £ > tl i i < 

goal iO provide o n i rcconfi-itLiviOti cv:'.b i T ce J that t 
anergic towards host, -antigsns and contain precursors of host- 

y 2n L 1 ' i u i b t f . iGc • 

j is mi t iefemiasc into 

fully coniiKle-it TV I ceils, acid also T ceils able to resjxsnd to 



lably 



> w 



aitogeneic recipients foibwed 

C t l c 1 I i 

lower i i m threshold miirsbci of effector T s repiired 
for protective. GVL as coriipared with lethal GVHD. In ; this 
modal. CB4*CD2S''' Tregs hjiaibit the expansK.ui but not the 
1 a si 1 ) ' 



;eiis 



actio; 



therapy (M. G. Roncwolo. smpublteheci data), 
patients, no toxtQp' and no casts of drag-resb; 

e el viiid ii 

tested 1 1 the cotit.ext ) _ * t < < 

has the ooteot.iai io bo appbed to unrelated bo; 



actst tGG" « i \{ s t . 

lymph i p E i anc chen 

kine receptor CCRS on Treg t idi p; mot i a r >< rung t 
fiver, lung, spleen, and mesenteric lymph nodes (228), 

Interleiikui 2 0 arid TGF-ff have htui shotsxt to induce mur- 
ine anergic T ceils that: suppress afioreactivc "f'-celi responses in 
n»5 and stgmficandy reduce GVHD tclhality ia i after mjec- 
don of CD4* effector T ceils into Hi. A class H-disparate 



eu 1 ' i tt i i 

" bo'e .'a a ,pu> ervrhem 
organ transplantation shtorki t consider? 



Future perspectives 
i u r tst t 1 s c c 1 naode. of action ol 

Tregs has chatted u 1 ' 
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mechanistic underlying a variety of T celhniediased di.sonh-rs and 

buboes i i cure c hes disease 1 1 i 
to U ■ _ur- - - > s e k of severa 

trs-u-i tt 'lie i ill ) e^otl rtlh 

o m J v ti i ^ - 1 d ti 2. T _c h . 0 



CD4 



f Trt 



;t?s but 



lefni 



of s 



sjoa by CD4 + CD2 5 + Tregs and the paucity of studies in which 
Tregs were characterized a; the cionai level In addition, the 
antigen specificity of these cells was determined an a very 
Hmitwi orate Overall these factors have sigitihcandy comribu- 
ted to the g< in-ratton ■ , eibuony n. ; o.n. times eordusiflg 



t lL are inducible j a i * ' h bnhioii > * can t e - h 
lx Jefia* i a; idaj ve Tr< vbenas. CD4 CD25* Tregs ait 

(,iwnn j o ii t ' i o t v 

i t ! if- ami j 1 i 

[ i i < i ' j i t 1 



sepane 



■: did 



i have 



i >ble but that I prodi don in 
mv < 1 ! i ! t i Ii 1 

have also determined that Foxp3 is a marker lb? Hahsral 
(Jh + <P <> 1 ' u • < d|\ t a's _i Ehe 
human system tin-; uaiiseriptioo factor may have an additional 



Die beyc 



kapn 



\1 > t 1 s „ 3 v c 1 

decade ago at the begixsaing of our work in this Add have beea 
answered {23 i, 232) Howvn it rg< dy of htforma c 
l i g i hi? role of 

t manp d»d 

„ I,- ci>->„ , a md somi degree of 



It is crucial that over tht 
reproducible approaches 
Tregs at die cellular and 



'ijin a-uw i < ,. si lii 

rack for this p f 1 1 ' I ' 

the functional > difl gs ltd n and 

u.,e of sp c nf,e IV >; markm and'ei mJoonltr -j^y ii- is 
ibsohneJ; re.qpinve: Onh by using these approaches vesh we 

- 4 0 tl t . n > In i p> i nu'iuie 
the relas.1 >ti > t - 

their <•< t _ roles ^ mothdiimj; die htirointe response and n 
mat! taming rolerai t t cahng pathwt 

iuvohed in he : , a t-ie h 1 o -if >Ka.oU^ 

I it ^ poo, t 1 ti ! I , n < (vU i 

r, UJ t t ! r 1 f i I k s 

will enable us to rapidly purify Txl cells a viw and to follow their 
fate a vivo. Results fr se sojeiie i t _ t i f < t 

the advancement of tbe field but also allow xts to fully exploit the 
therapeutic potential of Tregs. Hopefully, hi the coming years : 

%S K v \1 w s 

coif, based > i u i ~ r i i 

cellular therapy with :a nt»-gewratcd Tregs ro cure aatoiin- 
nraoe diseases, to prevent GV7-ID and o.ojan iviecuon. and to 



dictory an! d,i ai t . i ' t ^ 1U 

disparity is doe not only to die lack of specific marker? Sot Tri 
i ) rnsrkex hi 



genes. Such cluricai tn.fi,s svill !:;e. critical to convincingly prove 
the fuiidameiita! role of Treg ! , i m 

[<■ j. ,v i i b ' u m i c j i i 
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